Results: 774 people met study criteria, 515 received individualized education and 259 received usual care. Those who received individualized education were more likely to modify their diabetes treatment plan during Ramadan (97% vs 88%, p<0.0001), to perform self-monitoring of blood glucose at least twice daily during Ramadan (70% vs 51%, p<0.0001), and to have improved knowledge about hypoglycemic signs and symptoms ( p=0.0007). Those who received individualized education also reduced their body mass index (−1.1±2.4 kg/m 2 vs −0.2±1.7 kg/m 2 , p<0.0001) and glycated haemoglobin (−0.7±1.1% vs −0.1±1.3%, p<0.0001) during Ramadan compared those who received usual care. There were more mild (77% vs 67%, p=0.0031) and moderate (38% vs 19%, p<0.0001) hypoglycemic events reported by participants who received individualized education than those who received usual care, but fewer reported severe hypoglycemic events during Ramadan (23% vs 34%, p=0.0017).
INTRODUCTION
Fasting during the holy month of Ramadan is one of the five pillars of Islam. Muslims who fast during Ramadan abstain from eating, drinking, using oral and injectable medications, and smoking from before dawn until after sunset; however, there are no restrictions on food, fluid or medication intake between sunset and dawn. Most people consume two meals per day during Ramadan, one after sunset and the other before dawn. According to religious tenets, Muslims who are pregnant or sick are exempted from fasting. Nevertheless, many Muslims with diabetes choose to fast during Ramadan, thereby creating a medical challenge for themselves and their healthcare providers. It is important that medical professionals be aware of the changes in diet, physical activity and medication-taking associated with fasting during Ramadan, the potential risks (mainly hypoglycemia and hyperglycemia) and approaches to address those changes and to mitigate those risks.
In September 2005, the American Diabetes Association (ADA) published a working group report on the management of diabetes during Ramadan. 1 This report was updated in August 2010. 2 Based on the recommendations in these reports, people with type 1 diabetes and pregnant women with diabetes
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▪ Those who received individualized education before Ramadan were more likely to modify their diabetes treatment plan during Ramadan, to perform self-monitoring of blood glucose at least twice daily and to have improved knowledge about hypoglycemic signs and symptoms. ▪ Those who received individualized education reduced their weight and glycated haemoglobin during Ramadan compared to those who received usual care, and were less likely to be hospitalized. ▪ This individualized education and diabetes treatment program can help patients with type 2 diabetes achieve a safer Ramadan fast.
should be strongly discouraged from fasting because of the high risk of developing serious and potentially lifethreatening acute metabolic complications. People with type 2 diabetes who wish to fast during Ramadan should receive a full clinical assessment, Ramadan-focused education and individualized treatment recommendations before Ramadan in order to achieve a safer fast. Since the ADA recommendations were published, two studies have assessed the impact of diabetes education programs on outcomes during Ramadan. The Ramadan Education and Awareness in Diabetes (READ) Study found that attending a structured education program that provided recommendations for physical activity, meal planning, glucose monitoring, hypoglycemia management,and dosage and timing of medications was associated with a statistically significant weight loss of 0.7 kg and a decrease in the number of hypoglycemic events during Ramadan. 3 However, this was a small (n=111 participants), single site study in which the participants volunteered and the controls declined to receive the education program. The Ramadan Prospective Diabetes Study also found that a structured education program was effective in preventing serious complications of diabetes during Ramadan. This study was also a single site study, the sample size was small (n=110 participants) and there was no control group for comparison. 4 A recent study showed that patients who fast during Ramadan can have a significant improvement in glycated haemoglobin (HbA1c) if appropriate adjustments are made to their antidiabetic regimens during Ramadan. 5 This study was designed as a multination, multicenter, prospective observational study with treatment allocation at the clinic level. Its purpose was to examine if individualized preRamadan education resulted in improved clinical outcomes and a safer fast for people with type 2 diabetes. The individualized education program addressed issues related to meal planning, physical activity, blood glucose monitoring and recognition and management of acute metabolic complications during the month of Ramadan. A physician was also available to perform an assessment and to provide individualized recommendations to change medication management to reduce the incidence of hypoglycemia, reduce fasting and postprandial hyperglycemia and maintain weight or facilitate weight loss during Ramadan.
METHODS
The study team included diabetes researchers from clinical sites in Egypt, Iran, Jordan and Saudi Arabia, and researchers from the USA. Researchers from the clinical sites were responsible for partnering with clinics willing to participate in the study. A total of 12 clinics were recruited, 4 provided individualized education, 4 provided only usual care and at 4 additional clinics, consecutive patients were invited to be in the intervention group until that group was complete. Thereafter, consecutive patients were invited to be in the control group.
At all clinics, eligible participants were identified as patients who had been diagnosed by a physician with type 2 diabetes, were not currently pregnant and did not have illnesses that were contraindications to fasting (ie, recent myocardial infarction, advanced liver disease end-stage renal disease, cancer, recent surgery, etc). Patients meeting the eligibility criteria who consented to participate were asked to come to the clinic within 2 months before the start of Ramadan (May-June 2014) for a preRamadan assessment, blood draw, survey and either individualized patient education or usual care. They were also asked to return to the clinic within 2 months after the end of Ramadan (August-September 2014) for a postRamadan assessment, blood draw, and survey. Investigators at each clinic obtained approval to conduct the study through their local ethical standards boards and ensured that participants provided informed consent and that patient confidentiality was maintained as required by their local ethical standards boards. Management and analyses of deidentified data were performed at the University of Michigan. The University of Michigan Institutional Review Board reviewed the study and determined that the project was exempt and not regulated since it involved only coded information that could not be linked to a specific individual by the investigator(s) directly or indirectly through a coding system.
For the intervention, each participant received, on average, 2 (range 1-7) 30 min to 1 h individualized face-to-face education sessions delivered by dietitians, diabetes specialist nurses or community link workers who were trained by the site investigator. The sessions were conducted either one-on-one or in a group format in the preferred language of the patients. The program addressed issues of meal planning, physical activity, blood glucose monitoring and recognizing and managing acute metabolic complications before and during Ramadan. It was stressed that the diet during Ramadan should not differ from a healthy mixed and balanced diet encouraging slow energy-release foods and minimizing foods high in refined sugars and saturated fat. Regular light and moderate physical activity was encouraged, however, strenuous physical activity immediately before sunset was discouraged because of the risk of hypoglycemia. Patients were educated that blood glucose monitoring did not constitute breaking the fast and were encouraged to test their blood glucose levels. They were also taught to recognize the symptoms of hypoglycemia and hyperglycemia, how to treat those conditions and when to break the fast. The physician provided specific recommendations for changing both the dose and timing of sulfonylurea medications and insulin. In addition, if the physician saw fit, he/she recommended changes to the diabetes treatment regimen so that it was more appropriate for Ramadan and would be weight neutral or help the patient to reduce weight.
Patients receiving only usual care received a copy of the 2010 ADA guidelines for the management of diabetes while fasting during Ramadan in English or Arabic. Since these guidelines have been available since 2005, they are likely to have been implemented in these clinics for patients who intended to fast during Ramadan and thus can be considered 'usual care'.
Patients were excluded from the study if they did not know their type of diabetes or reported type 1 diabetes or gestational diabetes (N=49), did not fast during Ramadan 2014 (N=34), or did not complete both a preRamadan and postRamadan survey (N=153). Data were analyzed for the 774 patients who reported that they had type 2 diabetes, fasted for at least 2 days during Ramadan 2014, and completed both preRamadan and postRamadan surveys. Characteristics of patients at both the preRamadan and postRamadan time points were described in total, and separately for those who received individualized education and those who received usual care using means±SD and t tests for continuous variables, or number ( per cent) and χ 2 tests or Fishers exact test for categorical variables.
Knowledge of diabetes risk, hypoglycemic and hyperglycemic symptoms, and actions to take when hypoglycemic were scored on 0-4 or 0-5 point scales with 1 point assigned for each correct yes/no answer. Occurrence of mild hypoglycemia was determined by self-report of symptoms of hunger, rapid heart rate, anxiety, tremors, sweating or headache. Moderate hypoglycemia was defined as hypoglycemia that required the assistance of another person, and severe hypoglycemia was defined as hypoglycemia that required medical assistance including emergency room or hospital care, glucagon injection, or intravenous infusion of glucose. Occurrence of mild hyperglycemia was defined as selfreport of symptoms of excessive thirst or increased urination. Severe hyperglycemia was defined as hyperglycemia that required medical assistance or emergency room or hospital care, or treatment with insulin (if not previously using insulin).
Changes in knowledge, weight, body mass index (BMI) and HbA1c from before to after Ramadan were calculated and described in total, and separately for those who received individualised education and those who received usual care. Differences were compared using paired t tests. Analyses were conducted using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA).
RESULTS
We studied 774 patients with type 2 diabetes attending clinics in Egypt, Iran, Jordan and Saudi Arabia who fasted for ≥2 days during Ramadan 2014. The first Egyptian site was an endocrinology practice that serves ∼4000 adult and geriatric patients in an urban area. The second Egyptian site recruited patients from two clinics, one urban and suburban, in which 2-5 generalists and endocrinologists serve approximately 100 adult and geriatric patients with diabetes each day. The third Egyptian site recruited patients from one urban clinic in which 10 generalists and endocrinologists serve approximately 400 adult and geriatric patients with diabetes each day. In all four of the Egyptian clinics, intervention and control patients were recruited in a sequential manner.
The two clinics in Iran were both located in a large city. The control clinic had five physicians who serve approximately 150 adult patients with diabetes per day. The intervention clinic had nine physicians who serve approximately 100 adult and geriatric patients with diabetes patients per day.
The two clinics in Jordan were located in a large city. In both clinics, endocrinologists serve adult and geriatric patients. The intervention clinic had two physicians who serve approximately 1800 patients with diabetes per year and the control clinic had one physician who serves approximately 900 patients with diabetes per year.
There were two sites in Saudi Arabia. The first that recruited from two urban clinics (one intervention and one control). Each clinic had two generalist physicians that serve a few hundred adult patients with diabetes. The second site in Saudi Arabia recruited two urban clinics in which endocrinologists serve adult patients with diabetes. The intervention clinic had three physicians and serves 120 patients with diabetes per day. The control clinic had eight physicians and serves 250 patients with diabetes per day.
As shown in table 1, the overall mean age was 48 ±10 years, 59% were female, and over 60% were at least high school graduates. While there were more women than men who were homemakers or who were not employed (36% vs 25%), those who were employed were equally likely to report that they worked indoors or out-of-doors. The mean duration of diabetes was 9±5 years. Fifty-six per cent of patients used oral medications and/or non-insulin injectables to treat their diabetes. Twenty-five per cent used oral medications and/ or non-insulin injectables and insulin, 18% used insulin only and 1% used diet alone to treat their diabetes. Of those who reported using oral medications and/or noninsulin injectables, 50% reported using a sulfonylurea.
Almost 75% of participants reported seeing an endocrinologist for their diabetes management. Most participants reported that they do not usually receive diabetes education before Ramadan (86%) or during Ramadan (82%). Sixteen per cent of people reported that they didn't usually receive advice about fasting during Ramadan. Among those who reported receiving advice, the advice was from a variety of sources including physicians, religious authorities, family members and friends but almost always included advice from a physician.
The intervention clinics recruited 515 participants who received individualized education and the control clinics recruited 259 participants who received only usual care (table 1). The participants who received individualized education were younger than those who received usual care (47 vs 51 years old, p<0.0001), but the individualized education and usual care participants were similar with respect to sex, education, occupation, duration of diabetes, current treatment for diabetes, occurrence of previous hypoglycemic and hyperglycemic events and type of provider seen for diabetes management (table 1). Compared to the participants who received usual care, participants who received individualized education had lower body mass index (BMI; 30±4 kg/m 2 intervention vs 31±5 kg/m 2 control, p=0.0097) and were less likely to report never monitoring their blood glucose while fasting (9% intervention vs 18% control, p=0.0021). HbA1c was similar (8.7±1.3% intervention vs 8.9±1.7% control, p=0.2274).
While over 47% of participants fasted for the entire month, people who received individualized education fasted on average 1 day more than those who received usual care ( p=0.0257). As shown in table 2, the majority of participants reported receiving diabetes education before Ramadan 2014. However, this per cent was significantly higher for participants receiving individualized education (98% vs 84%, p<0.0001). In order of decreasing proportion, participants receiving individualized education were more likely to be counseled on recognition and treatment of hypoglycemia, change in Data are expressed as mean±SD or N (per cent). *Mild hypoglycemia: symptoms include hunger, rapid heart rate, anxiety, tremors, sweating, headache. †Moderate hypoglycemia: symptoms of such severity that the participant required the assistance of another person. ‡Severe hypoglycemia: symptoms of such severity that the participant required professional medical assistance including emergency room or hospital care or placement of an intravenous injection of glucose. §Mild hyperglycemia: symptoms including excessive thirst or excessive urination with or without nausea. ¶Severe hyperglycemia: symptoms of such severity that the participant required professional medical assistance or emergency room or hospital care, or treatment with insulin (if not taking previously). medication timing, change in frequency of selfmonitoring of blood glucose, awareness of when to break the fast, recognition and treatment of hyperglycemia, meal planning, physical activity, changes in medication dose and changes in medication type. Those receiving individualized education were also significantly more likely to report receiving diabetes education during Ramadan 2014 (49% vs 11%, p<0.0001), to be advised by their physicians to modify their diabetes treatment plan during Ramadan (97% vs 83%, p<0.0001) and to modify their diabetes treatment plan during Ramadan (97% vs 88%, p<0.0001). In modifying their diabetes treatment plans, participants receiving individualized education most often chose to change the timing of their medication (92%) and change their medication dose (76%) during Ramadan. About half of those receiving individualized education increased their frequency of self-monitoring of blood glucose (50%) and changed their diet (50%), while fewer than half changed their physical activity (41%) or changed their medication type (36%) during Ramadan.
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Participants receiving individualized education were more likely to report symptoms of mild (77% vs 67%, p=0.0031) and moderate (38% vs 19%, p<0.0001) hypoglycemia during Ramadan than those receiving usual care. They were, however, less likely to report severe hypoglycemia that required medical assistance, glucagon injection or intravenous infusion of glucose (23% vs 34%, p=0.0017). Symptoms of mild and severe hyperglycemia were equally likely to be reported by those receiving individualized education or only usual care. One of 515 (0%) participants receiving individualized education was hospitalized for intravenous therapy. In contrast, 6 of 259 (2%) participants receiving usual care reported hospitalizations, 1 for hypoglycemic coma, 2 for intravenous therapy, 1 for hyperglycemia, 1 for palpitations and shortness of breath and 1 for unknown reasons. The proportion of patients receiving individualized education who were hospitalized was significantly less than the proportion receiving usual care ( p=0.0071).
When we examined changes in outcomes, participants receiving individualized education had greater improvement in knowledge of hypoglycemic symptoms, but similar improvements in knowledge of hyperglycemic symptoms and actions to take when hypoglycemic as participants who received usual care (table 3) . A greater increase in the frequency of monitoring was seen in participants receiving individualized education compared to those receiving usual care. Eighty per cent of participants receiving individualized education increased their glucose testing frequency during Ramadan compared to 58% receiving usual care. Of the 385 people receiving individualized education who increased the frequency of monitoring during Ramadan, the majority (68%) went from monitoring once a day to twice a day.
There were improvements in weight, BMI and HbA1c from before Ramadan to after Ramadan for participants receiving individualized education or only usual care. These improvements were more marked in participants receiving individualized education. On average, those receiving individualized education lost 2.9±6.4 kg during Ramadan compared to a loss of 0.5±4.6 kg for those receiving usual care ( p<0.0001). This corresponded to a decrease in BMI of 1.1±2.4 kg/m 2 and 0.2±1.7 kg/m 2 in the intervention and control groups ( p<0.0001). HbA1c for participants receiving individualized education improved by 0.7±1.1% and HbA1c for participants receiving usual care improved by 0.1±1.3% ( p<0.0001). 
DISCUSSION
Our study supports the use of a preRamadan diabetes education program that includes individualized diabetes treatment recommendations for patients with type 2 diabetes. While participants from both groups were generally not different in terms of their demographic characteristics, duration of diabetes, treatments for diabetes and preRamadan weight and HbA1c levels, those receiving individualized education had greater improvements in weight and HbA1c over the month of Ramadan. Those who received individualized education were also more likely to increase self-monitoring of blood glucose during Ramadan, had greater improvements in knowledge of hypoglycemia and had less frequent severe hypoglycemia. The individualized preRamadan education program used in this study was based on recommendations from the 2005 and 2010 ADA working group reports on the management of diabetes during Ramadan. 1 2 These reports focused on issues related to meal planning, physical activity, blood glucose monitoring and recognizing and managing acute metabolic complications before and during Ramadan. This type of education program was similar to the program used in the READ study, 3 which found a mean weight loss of 0.7 kg in the group that received education compared to a 0.6 kg mean weight gain in the control group. While we observed weight loss in participants in both groups during Ramadan, the difference was significantly greater in the participants who received individualized education. The READ study also showed a significant decrease in the total number of hypoglycemic events in the group that received education compared to the control group. Our study showed more mild and moderate hypoglycemic events in those who received individualized education. This may have reflected ascertainment bias due to an increase in self-monitoring of blood glucose in participants who received individualized education. There were, however, fewer severe hypoglycemic events and hospitalizations in those who received individualized education. In sensitivity analyses, we found that there were fewer severe hypoglycemic events among those who used and did not use, insulin to treat their diabetes during Ramadan (data not shown).
The education program delivered in the previously reported Ramadan Prospective Diabetes Study 4 also included elements recommended by the ADA working group and was similar to the education program used in our study. Receiving diabetes education decreased the number of hypoglycemic episodes and most participants did not experience any acute complications of diabetes during Ramadan. Our study extends those results. We also studied patients in a control group who did not receive individualized preRamadan education. This group had more severe hypoglycemic events and more hospitalizations than the participants receiving individualized education. While the participants in our study did not report in great detail the reasons for hospitalization, if we assume 'IV therapy' was for administration of glucose or insulin, then five of the six hospitalizations among those who received only usual care may have been for issues related to hypoglycemia or hyperglycemia.
There were several limitations of our study. First, almost 75% of participants in both groups reported seeing endocrinologists for their diabetes management. This is likely due to the fact that researchers were responsible for recruiting at the and likely included clinics that had the resources to deliver the interventions. As a result, the clinics we studied may have provided better care than clinics not directed by endocrinologists. Second, although four sites recruited separate intervention and control clinics, four sites sequentially enrolled intervention and control participants form the same clinics. This many have produced contamination bias whereby people in the control group were exposed to the intervention. If so, this would have reduced the apparent impact of the intervention. Third, we did not analyze results of self-monitoring of blood glucose. Although we asked participants in both groups to record at least two blood glucose values daily, we obtained logs from only 279 (54%) of participants who received individualized education and 52 (20%) of participants who received only usual care. Owing to the low response rates, we did not include these measurements in the analysis. Fourth, we had to exclude 16% (n=153) of the original study population because those participants did not return for the postRamadan study visit. This may have introduced selection bias, as those who did return for a postRamadan study visit may have been more likely to have benefited from participation. In fact, the demographic characteristics of the population that did not return for a postRamadan visit differed from the study population. The non-responders were older (56 ±10 years, p<0.0001), were more likely to be men (51%, p=0.0212), had longer durations of diabetes (12 ±8 years), and lower education levels (25% illiterate, 31% less than high school, 24% high school, 21% associates degree or higher, p<0.0001).
In conclusion, our study demonstrated that clinics were able to implement programs that provided individualized education for type 2 patients with diabetes before Ramadan and, when needed, physicianrecommended changes in the treatment regimen. Participants who received individualized education had better weight and HbA1c control during Ramadan and were less likely to experience severe hypoglycemia or hospitalization. This individualized education and diabetes treatment program helped patients with type 2 diabetes achieve a safer Ramadan fast.
